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The COVID-19 pandemic disrupted routine vaccinations for children and adolescents. However, it
remains unclear whether the impact has been different for children and adolescents from low-income
families. To address this, we compared monthly routine vaccination use per 1000 vaccine-eligible chil-
dren and adolescents enrolled in Louisiana Medicaid in the years before (2017–2019) and during the
COVID-19 pandemic (2020). Compared to the 2017–2019 average vaccination rates, we found a 28%
reduction in measles, mumps, and rubella (MMR), a 35% reduction in human papillomavirus (HPV),
and a 30% reduction in tetanus, diphtheria, pertussis (Tdap) vaccinations in 2020. Vaccine uptake was
lower in April 2020 after the declaration of a state of emergency and in late summer when back-to-
school vaccinations ordinarily occur. We found little evidence of recovery in later months. Our findings
suggest that a substantial number of disadvantaged children may experience longer periods of vulnera-
bility to preventable infections because of missed vaccinations.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

The COVID-19 pandemic has caused major disruptions in 2020
in primary care and reduced rates of routine vaccinations for dis-
ease prevention among children and adolescents [1–4]. A recent
Centers for Disease Control and Prevention (CDC) report docu-
mented substantial reductions in routine childhood vaccine
administration at the height of the pandemic’s first wave between
March and May 2020 [4]. Notably, while vaccinations rebounded in
the summer of 2020, these gains were insufficient to offset losses
that had occurred during the peak of shelter-in-place orders and
stay-at-home directives ordered by many jurisdictions across the
United States [4].

Delayed or missed childhood vaccinations have the potential to
increase vulnerability to disease and poor health [5]. For example,
unvaccinated children who develop measles – preventable with
the measles, mumps, and rubella vaccine (MMR) – are at risk of
hospitalization, pneumonia, encephalitis (swelling of the brain)
and, in some cases, death (1 to 3 out of 1000) [6]. Human papillo-
mavirus (HPV) – the most common sexually transmitted disease –
has been linked to cervical, anogenital, and oropharyngeal as well
has head and neck cancer, yet only around half of adolescents
receive recommended vaccinations for HPV [7].

Children from low-income families exhibited lower vaccination
adherence rates prior to the pandemic and are at heightened risk
for COVID-19-related care disruptions [8]. Yet, research describing
the pandemic’s impact on vaccinations among children from low-
income families is lacking. Furthermore, child vaccination delivery
peaks annually in the late summer months as children return to
school [9]. However, due to the pandemic, the 2020–2021 school
year for many children was characterized by remote learning
rather than in-person instruction. The implications of this shift in
instruction modalities for childhood vaccination has yet to be
explored.

Shortly after confirming its first case of COVID-19 in early
March 2020, Louisiana experienced the fastest growth rate of
COVID-19 infections worldwide [10]. As a result, on March 13,
2020, Governor John Bel Edwards ordered public schools in Louisi-
ana to refrain from in-person instruction [11]. Schools in Louisiana
would be prevented from returning to in-person instruction
through the remainder of the 2019–2020 school year and several
school districts throughout the state, including New Orleans public
schools, began the 2020–2021 school year remotely [12].
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In this study, we examined the impact of the COVID-19 pan-
demic and its related disruptions to traditional in-person schooling
on routine vaccinations for MMR (among those aged 1–8 years),
HPV (among those aged 9–17 years), and tetanus, diphtheria, and
pertussis (Tdap) (among those aged 11–18 years) for low-income
children and adolescents insured through Louisiana’s Medicaid
and Children’s Health Insurance (CHIP) programs. Our focus on
Louisiana was motivated by the relatively large proportion of chil-
dren in the state living in low-income families, the high reliance on
public health insurance (in 2019 there were 707,500 Medicaid
enrollees aged 18 and under [13] and approximately 50% of the
state’s children are publicly insured [14]), and the comparatively
low rates of childhood vaccination adherence in the state [8] with
a 7-vaccine series completion rate among children aged 19–
35 months old of 72.1% in 2018 [15]. Moreover, Louisiana has a rel-
atively stable beneficiary population as it provides 12-month con-
tinuous eligibility for children regardless of changes in income or
family size until renewal [16] and, overall, at least 98% of the
state’s Medicaid beneficiaries are enrolled for twelve or more
months [17].
Panel C: Tdap

Fig. 1. Vaccination Rate Plots for 2017–2020 (by Month). Notes: Ages included
were 1 to 8 for MMR, 9 to 17 for HPV, and 11 to 18 for Tdap.
2. Methods

We used data from the universe of Medicaid claims for the state
of Louisiana from January 2017 through December 2020. Vaccina-
tions were identified using claims based on the Current Procedural
Terminology (CPT) codes from Centers for Disease Control and
Prevention (CDC) Immunization Information Systems [18]. We
listed detailed CPT codes in Appendix Table 1. We measured
monthly rates of vaccinations per 1000 vaccine-eligible enrollees
based on CDC recommended guidelines [19]. In some cases, we
used wider age ranges to account for children who received their
vaccination earlier or later than recommended. Age ranges were
as follows: 1–8 years of age for MMR, 9–17 years of age for HPV,
and 11–18 years of age for Tdap. In total, there were 109,101
claims for MMR vaccinations, 109,127 claims for HPV vaccinations,
and 58,606 claims for Tdap vaccinations. We focused on these
three vaccines given their inclusion in HEDIS measures Immuniza-
tions for Adolescent and Childhood Immunization Status and their
recent profiling in Morbidity and Mortality Weekly Report
(MMWR) by the CDC [4].

We compared the rate of monthly vaccine administrations
within each eligible age group in 2020 to average rates from
2017 to 2019 to estimate the impact of disruptions in routine vac-
cine uptake due to COVID-19. For each vaccine, we created a vari-
able for the monthly per-1000 rate of children enrolled in Medicaid
who received recommended doses of the vaccines. We then esti-
mated a linear regression model with calendar month indicators
and interaction terms between calendar months and an indicator
for the year 2020. The interaction terms can be interpreted as
the change in vaccination rates in 2020 compared to the average
rate in the same month from 2017 through 2019. Exact regression
specifications are included in the appendix for reference. The study
was approved by the Tulane University Institutional Review Board
and follows the applicable Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guidelines.
3. Results

Overall, compared to pre-pandemic vaccination rates between
2017 and 2019, we observed a marked decrease in vaccination
rates for MMR, HPV, and Tdap in 2020. Reductions were exception-
ally large in April (i.e., the month following the stay-at-home
orders) and July (i.e., following the summer COVID-19 spike in
cases) (see Fig. 1). Also apparent in Fig. 1 is the lack of a late sum-
838
mer spike in routine vaccinations in 2020 corresponding to a
return to school. In each of the three years prior to the pandemic,
vaccine administration for MMR, HPV, and Tdap peaked in August
as children and adolescents prepared for a return to school. How-
ever, we observed no such peak in 2020 indicating that the transi-
tion to remote learning precipitated by the COVID-19 pandemic
was associated with a substantial number of missed or delayed
vaccinations. Fig. 1 shows that while utilization rates returned to
prior year levels by the end of 2020, the rebound did make up
for the total loss in vaccinations.

Fig. 2 plots the coefficients and confidence intervals from our
regression model described above. Each point on the plot repre-
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Fig. 2. Vaccination Rate Comparisons for 2020 Versus Corresponding Months
(2017–2019). Notes: N = 48 monthly averages (e.g., four years by 12 months). Mean
vaccinations per 1000 eligible Louisiana Medicaid enrollees. Ages included were 1
to 8 for MMR, 9 to 17 for HPV, and 11 to 18 for Tdap. See Eq. (2) in the online
appendix for regression specification.
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sents the change in vaccinations administered in each month in
2020 compared to the same months in 2017–2019. Generally, vac-
cination rates in January and February 2020 were similar to those
in the pre-pandemic period. However, beginning in March 2020,
trends diverged and by April 2020 vaccinations for MMR, HPV,
and Tdap were significantly lower than in the previous years.
Our regression estimates indicate that MMR vaccinations fell by
5.60 per 1000 (95% CI, �8.83 to �2.37), HPV vaccination rates fell
by 4.36 per 1000 (95% CI, �6.32 to �2.39), and Tdap vaccination
rates fell by 2.39 per 1000 (95% CI, �3.64 to �1.13) in April 2020
839
compared to the average rates in previous April months (see
Appendix Table 2).

Estimates in Fig. 2 also indicate substantial declines in vaccina-
tion rates in July and August 2020 compared to earlier years. MMR
vaccination rates fell by 7.18 per 1000 (95% CI, �8.07 to �6.30) in
July and by 6.70 per 1000 (95% CI, �7.66 to �5.75) in August 2020
compared to earlier years; HPV vaccination rates fell by 5.52 per
1000 (95% CI, �6.61 to �4.43) in July and by 5.84 per 1000 (95%
CI, �6.78 to �4.90) in August 2020 compared to earlier years;
and Tdap vaccination rates fell by 3.34 per 1000 (95% CI, �3.81
to �2.87) in July and by 3.67 per 1000 (95% CI, �3.91 to �3.43)
in August 2020 compared to earlier years (see Appendix Table 2).

Lastly, we estimated the change in vaccination rates for the
pandemic period of our sample compared to average rates prior
to the outbreak of COVID-19 in Louisiana. This amounted to replac-
ing the interaction terms in our regression model with an indicator
for the pandemic months of March through December 2020.
Despite a rebound in the later months of 2020, rates for all three
vaccines that we examined were lower in 2020 than in the pre-
pandemic years. Specifically, MMR vaccinations fell by 28% (3.00
per 1000, 95% CI, �4.52 to �1.48), HPV vaccinations fell by 35%
(2.64 per 1000, 95% CI, �3.81 to �1.48), and Tdap vaccinations fell
by 30% (1.40 per 1000, 95% CI, �2.19 to �0.60) (see Appendix
Table 3).
4. Discussion

We found lower uptake of routine child and adolescent vaccina-
tions for MMR, HPV, and Tdap in 2020 compared to prior years for
Louisiana Medicaid beneficiaries. The magnitude of our findings is
comparable to previous studies from outside the US (e.g., one study
in the UK found MMR reductions of about 20% [20] while a study in
Singapore measured MMR reductions in the range of 26–74% and
up to a 10% reduction in Tdap) [21].

The nearly 30% reduction in MMR vaccination rates for Louisi-
ana Medicaid beneficiaries means that more children are vulnera-
ble to measles, mumps, and rubella as coverage of 90–95% is
needed to maintain herd immunity [22] and even small reductions
in MMR vaccination can have significant consequences for affected
communities [23]. The impact of a 35% reduction in the HPV vacci-
nation rate among adolescents in Louisiana Medicaid will take
time to assess as it takes years for cancer to develop. Finally, the
30% reduction in Tdap vaccination represents missed opportunities
that are particularly important because adolescents often do not
receive preventative care and some may not get the vaccinations
they missed in future periods [24].

While the reductions in routine vaccinations in April 2020 fol-
lowing the stay-at-home orders are consistent with the literature,
we additionally documented significant relative reductions in July
and August 2020 prior to school enrollments. Two factors likely
explain the reductions in vaccination rates in July and August. First,
the ‘‘second wave” of COVID-19 infections peaked in Louisiana in
July 2020 and health care use declined for Medicaid beneficiaries
of all ages. Second, the data indicated an uptick in vaccine admin-
istration during the month of August in the pre-pandemic period,
coinciding with a return to school. The shift to remote learning
experienced by many children in Louisiana in 2020 may have elim-
inated this annual back-to-school spike in vaccinations. This find-
ing is notable given the outsized role that back-to-school
vaccinations play in ensuring adherence to recommended vaccine
guidelines. This also complements prior research that found reduc-
tions in childhood vaccinations in the early months of the pan-
demic but lacked data covering the late summer months
necessary to identify this effect [1–3].
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4.1. Limitations

The primary limitation of our study is that, despite working
with the universe of Medicaid claims, we are not able to document
all vaccinations for children in Louisiana’s Medicaid program. Our
data include vaccinations administered in settings that generate
a claim to be paid by the state’s Medicaid program. Examples of
such settings include hospitals, doctor’s offices, clinics, and feder-
ally qualified health centers. Medicaid beneficiaries who are vacci-
nated in settings that do not generate a Medicaid claim will not be
observed in our data. However, our estimates of the impact of the
COVID-19 pandemic on vaccination rates will not be biased by
these omissions unless the share of beneficiaries vaccinated in a
non-claim generating setting changed in 2020 relative to prior
years in our sample.

5. Conclusions

The disruption in primary care and in-person schooling due to
the COVID-19 pandemic had a significant impact on the uptake
of routine childhood vaccinations for MMR, HPV, and Tdap among
children and adolescents enrolled in Louisiana Medicaid. We found
reductions in vaccinations that are comparable to declines in all
non-influenza vaccinations during the pandemic. However, this
represents the first study, to our knowledge, to focus on vaccina-
tions among children in low-income families that are likely to face
unique challenges in recouping missed or delayed health care.
Future research should assess the long-term effects of delayed or
missed routine child and adolescent vaccinations as a result of
the COVID-19 pandemic on morbidity and mortality.
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